Introduction
In a typical visual search experiment, a participant must respond as quickly and as accurately as possible to the presence or absence of a target object among a clutter of distractor objects. A class of explanations suggests that search is guided by preattentive shifts of attention to stimulus locations weighted by known target features (e.g. Wolfe, 1994) . A preattentive process may be characterized as a detection system that alerts the searcher to the presence of stimuli in the visual scene. Scene locations are assumedly visited with preference given to higher weighting, and an inhibition of return mechanism prevents perpetual oscillations between recently visited locations (e.g. Gibson & Egeth, 1994; Treisman & Sato, 1990; Wolfe, 1994) . Whereas the retinal image benefits from detailed processing only within the fovea, eye movements are used to bring peripheral regions in a visual search space into detailed processing range. Of course, under artificial conditions which constrain eye movements, visual attention may be directed covertly (i.e., without eye movements) in search of a target (e.g. Klein & Farrell, 1989; Shepherd, Findlay, & Hockey, 1986; Zelinsky & Sheinberg, 1997) . However, in many instances of visual search, oculomotor constraints are not imposed, and the eyes continually move to bring items within foveal range. Interestingly, humans make eye movements even under easy peripheral preview conditions in which covert attention shifts should suffice (Binello, Mannan, & Ruddock, 1995; Findlay & Gilchrist, 1998; Greene, 1999; Motter & Belky, 1998a , 1998b Zelinsky & Sheinberg, 1997) . Hence, eye movement data have provided a useful window on understanding active visual search behaviour (see Duchowski, 2002; Rayner, 1998 for reviews). The controlling factors in active visual search are (i) when the eyes move, as indexed by various fixation duration/latency measures, (ii) how far the eyes go, as indexed by saccade amplitude and (iii) where the eyes go, as indexed by saccade direction measures (see Duchowski, 2002; Rayner, 1998 for reviews; see also Greene, 2006) . A notable characteristic of the visual search problem is that there is no unique combination of where, how far, and when the eyes move in search of the target. Despite this, systematic eye movement behaviours are sometimes apparent during active visual search (Noton & Stark, 1971; Tseng & Li, 2004 ). An understanding of these systematic behaviours is useful for modelling/predicting active visual search. The specific aim of the present study is to propose a parsimonious explanation for the visual search phenomenon described next.
No matter what the stimulus conditions, the goal in visual search is to narrow the distance between the currently attended location and the target's location. Hence, visual search may be likened to a problem space in which the purpose is to narrow the distance between the current state and the goal state (i.e., target's location). Recent eye movement studies provide formal insight on systematic dynamics of eye fixations made in search of a target. Motter and Belky (1998b) reported that when their trained monkey participants performed conjunction searches, the probability of capturing the target by a given fixation (e.g. fixation number 5) was lower for larger set sizes. As well, for both feature and conjunction searches, the probability of capturing the target by a certain fixation increased in a manner that may be described (for convenience) as the right half of a sigmoid [see Figs. 9 and 11 in Ref. Motter and Belky (1998b) ]. Zelinsky, Rao, and Hayhoe (1997) presented scenes of 1, 3, or 5 real-world objects arranged along an arc that was centred on participants' initial fixation point. They found that the distance of the current fixation from the target was progressively narrowed with each ensuing fixation, and the target was located by the third fixation. Zelinsky and Sheinberg (1997) found similar convergence with alphanumeric stimuli (although they only compared initial and final fixation deviation from the target). A more detailed description of the dynamics of fixations made in search of a target is reported by Ref. Tseng and Li (2004) . They showed that for visual search requiring about 5-10 fixations, fixations initially did not move systematically towards the target. Tseng and Li(2004) referred to this as an ineffective search phase. Later in the search process, fixations steadily moved towards the target in what was referred to as an effective search phase. The ineffective phase was longer with increasing numbers of fixations needed to find the target (see Fig. 6 of Tseng & Li, 2004) . The existence of an ineffective phase followed by an effective phase of active visual search had not been formally recognized in the literature prior to Tseng and Li's (2004) report, and it is compelling for a comprehensive understanding of visual search.
The present study had three goals. Given the complexity of visual search, the first goal was to test the replicability of Tseng and Li's (2004) distance-from-target [d(FT)] findings. To accomplish this goal, eye movements of observers were monitored as they searched for a target in displays that were different from those used by Ref. Tseng and Li (2004) . The second goal was to offer a parsimonious explanation of d(FT) based on a bounded random walk process in two dimensions. During a random walk through n steps, the coordinates of position P n+1 are dependent on the coordinates of position P n such that P n+1 = P n + e da , where e da is a randomly chosen limited distance stepped in a randomly chosen direction (e.g. Wagenmakers, Farrell, & Ratcliff, 2004) . Finally, the third goal was to address specifically, two questions raised by Ref. Tseng and Li (2004) 
about d(FT) dynamics thus:
(i) does the effective phase (which as described above, follows the ineffective phase) reflect spatial memory for locations fixated during the search process? (ii) does the effective phase (as described above) reflect a monotonic movement of saccades towards the target after the target appears within a functional field of view?
For the second and third goals of the study, three Monte Carlo simulations of eye movements during visual search were conducted. Previous studies do suggest that visual search may have a random walk component (e.g. Aks, Zelinsky, & Sprott, 2002; Motter & Holsapple, 2001; Scinto, Pillalamarri, & Karsh,1986) . As well, during search, saccades move within, or just beyond a radius of effective perceptual processing (i.e., perceptual span) around the fixated location (e.g. Motter & Belky, 1998a , 1998b Rayner, 1998) . Generally, this radius of processing constrains sequential fixations to contiguous locations in the search space (see also Parkhurst, Law, & Neibur, 2002) . In the present work, search was treated as a random walk in a two-dimensional display. Saccade amplitudes were generated at random in randomly chosen directions within a perceptual span.
It must be stressed that the simulations described here were not intended to be a comprehensive explanation of visual search. In fact, human visual searchers far out-perform random walk algorithms (Najemnik & Geisler, 2005; Turano, Geruschat, & Baker, 2003) . In effect, the simulations were meant to offer a simple explanation of the visual search d(FT) dynamics reported by Ref. Tseng and Li (2004) . reflected the average performance of 12 observers. A potential limitation of averaging across observers in functional descriptions of perceptual processing is that the average data may not reflect individual observer functions. Hence, the concern in the present experiment is performance at the individual level. A cursory survey of published individual scan paths shows that whereas earlier fixations are rather unsystematic, fixations near the end of a search trial move steadily (albeit with some degree of noise) towards the target (see figures in Ref. Greene & Rayner, 2001a; Motter & Belky, 1998b; Nasanen, Ojanpaa, & Kojo, 2001 ). It is not immediately obvious from individual scan path observations that d(FT) may be described as the function of consecutive fixations reported by Ref. Tseng and Li (2004) . The goal of the experiment reported here was to test the replicability of the ineffective and effective search phases in individual observers.
Method

Subjects
Two female observers (AJ & BW) and one male observer CS from the University of Detroit Mercy student community participated in the experiment. All were between 21 and 27 years of age. As well, they all had normal colour vision, and normal or corrected-to-normal visual acuity. None was aware of the purpose of the experiment.
Stimuli
Frequently, adults visually search maps for specific targets. For the present study, maps represent a class of real-world complex visual search stimuli. Visual search of scenes generated from alphanumeric and geometric figures (as in Ref. Tseng & Li's, 2004 study) may not necessarily be similar to search of complex real-world scenes (see Kingstone, Smilek, Ristic, Friesen, & Eastwood, 2003 for a discussion on approximating real-world conditions in the laboratory). Hence, maps were particularly useful in the present study, towards a test of the generality of the d(FT) effects noted by Ref. Tseng and Li (2004) . Ten maps were digitized from a Rand McNally TM United States of America road atlas. The target for each map was a symbol representing a park with camping facilities, rotated clockwise by 90°, and superimposed in one of 10 positions on an imaginary circle of radius 175 pixels (i.e., 5.25°) from the centre. The symbol itself was a 0.5°Â 0.5°green horizontally-oriented tree attached to a green triangle.
Apparatus
The map stimuli were presented as 24°wide Â 20°high displays on a colour monitor (800 Â 600 pixel resolution) with a refresh rate of 75 Hz. Movements of the right eye were recorded by an infra-red (940 nm) video-based Eyelink TM headband-mounted tracker. The eye tracker was powered by a pentium-class computer processor. Eye positions were sampled at 250 Hz. The Eyelink TM system is accurate between 0.5°and 1.0°of visual angle. Without a chinrest, this accuracy is maintained for minor head movements (less than ±15°of visual angle). Saccades were registered when eye velocity exceeded 35°s À1 or when eye acceleration exceeded 9500°s
À2
, and manual responses to indicate the end of search were made on a computer keyboard.
Procedure
At the start of the experiment, observers were familiarized with the target. Towards maintaining the accuracy of the eye tracker, observers were told to keep there heads as still as naturally possible during the experiment. As well, after the initial calibration, a drift correction procedure was executed before the start of each trial. Each map with a target in 1 of 10 positions was presented twice at random for a total of 200 trials. The initial fixation location was always at the centre of the display (e.g. Tseng & Li, 2004) . Observers searched for the target (which they knew was present in every trial). Trials were terminated when observers pressed the ESC key on the computer keyboard to indicate that the target was found. Each observer completed the experiment in about 30 min.
Results and discussion
For convenience, in all the sections of this paper, d(FT)s shall be reported in pixels. Software written in-house was employed to (i) obtain the coordinates of eye fixations from the Eyelink TM eye tracking data files and (ii) calculate d(FT) in pixels thus:
In this equation, the x and y coordinates for the target are xt and yt, and those for the current fixation point are xf and yf. The d(FT) values (in pixels) were used (i) to verify that the target was indeed found before a key-press response was made, and (ii) to plot mean d(FT) as a function of consecutive fixations. Trials were deleted if the final fixation was beyond 100 pixels (i.e., 3°) of the target. This led to a deletion of 1% of trials for Observer CS, and a deletion of 5.5% of trials for Observer BW. Percentages of the remaining number of fixations used to find the target are presented in panel A of The term ineffective phase was operationally defined as a period within which every d(FT) at fixation n+1 was greater than or equal to d(FT) at the preceding fixation n (see also Tseng & Li, 2004) . Despite individual differences in the relative frequencies of fixations, the d(FT) functions show ineffective phases followed by effective phases of visual search. Generally, ineffective phases were increasingly pronounced with increasing numbers of fixations used to find the target. Together, the results are qualitatively comparable to the results of Tseng and Li (2004) . In effect, the results of the experiment demonstrate that the two-phase findings of Tseng and Li (2004) 
Simulation 1: Bounded random walk
While eye movement search is not completely accomplished at random (e.g. Motter & Holsapple, 2001; Najemnik & Geisler, 2005; Turano et al., 2003) , it has been shown to have a random walk component (e.g. Aks, Zelinsky, & Sprott, 2002; Motter & Holsapple, 2001; Scinto et al., 1986) . Scinto et al. (1986) monitored human eye movements during search, and found that the successive displacement of fixations within the search display matched those predicted by their random walk algorithm. Motter and Holsapple (2001) fitted monkeys with a scleral coil to monitor their eye movements as they searched for a target in search displays. The theory was that in multi-fixation search, the empirical probability of finding a target may be partitioned into a chance (random walk) component and an attention-guided component. Chance probability was calculated from knowledge of the number of distractors in the search displays. While the attention component of target discovery (i.e., empirical probability À chance probability) was increasingly larger for larger display sizes (between 6 and 96 items), the chance (i.e., random walk) component was always a sizable fraction of the empirical probability. Aks, Zelinsky, and Sprott (2002) plotted the positions of fixations as a function of fixation number across the whole search task in the manner of a time series. The complex wave formed by the position data was then subjected to power spectral analysis for a description of the nested simple waves (see Thornton & Gilden, 2005; Wagenmakers et al., 2004 for a review). Log(power) vs. log(frequency) spectra for random walks have a linear representation with a slope of À2, and this random walk representation was apparent in Ref. Aks et al.'s (2002) power spectrum function.
With respect to the d(FT) findings of Tseng and Li (2004) and the replicated findings in the present study, two questions are raised. First, what would make visual search appear not to systematically approach the target initially (i.e., ineffective phase), followed by systematic approaching of the target (i.e., effective phase)? Second, what would do this such that the two phases are increasingly pronounced with increasing numbers of fixations made in search of the target? A parsimonious explanation is a random walk. During a random walk, position P n+1 is dependent on position P n (e.g. Wagenmakers et al., 2004) . Given that the goal of active visual search is to narrow d(FT)s, a random walk explanation is appropriate for the following reasons. During an eye fixation, the amount of data arriving at the photoreceptors far exceeds what the brain can process as conscious experience. On the retina, the lower density of ganglion cells than photoreceptor cells leads to a convergence of information entering the visual system. The convergence ratio of photoreceptor cells to ganglion cells increases rapidly into the peripheral retina, resulting in increasingly rapid under-sampling of peripheral information (e.g. Wassle, Grunert, Rohrenbeck, & Boycott, 1990) . In effect, on a moment-to-moment basis, eye movements are utilized to access under-sampled peripheral information in the visual field. Active search may be explained within the framework of a perceptual span theory (Rayner, 1998; Rayner & Fisher, 1987b) . The perceptual span is a region from which useful information may be obtained during a fixation (see also Engel, 1977; Jacobs, 1986 for similar span proposals). The total perceptual span consists of two qualitatively different regions (Rayner & Fisher, 1987b; Rayner, Well, Pollatsek, & Bertera, 1982) . Object-centred processing occurs within a central/foveal decision region which modulates decisions about the identity of the target. During search, it is reasonable to suggest that a target is captured when it appears within the decision region. Beyond the decision region is a preview region, which theoretically, is controlled by the limitations of peripheral vision. Given the poorer visual acuity in the peripheral retina, the preview region processes viewer-centred information (i.e., distractor locations), and partial object-centred information. During a fixation, it is reasonable to expect that most up-coming saccades would place ensuing fixations in nearby areas that had not been subjected to the current detailed object-centred processing (Jacobs, 1986; Motter & Belky, 1998a , 1998b . This is very similar to what happens during a random walk (i.e., the probability of moving from position P n to position P n+1 is small, except if positions P n and P n+1 are nearby). In effect, ensuing fixation placements on a visual scene are dependent in part on the preceding fixation placements in the manner of a random walk. Might a random walk within a bounded planer area account for the ineffective and effective phases of visual search? To address this question, a Monte Carlo simulation experiment was conducted. The simulation (performed in OriginLab TM with Origin C programming codes) was meant to simulate an arbitrary search process, not the roadmap Each function represents the subset of trials in which the target was found with a given number of fixations (i.e., the x-axis value). Rectangles superimposed on the functions mark ineffective phases within which fixations appear to be aimless. Elsewhere, in the effective phases, fixations move monotonically towards the target. Error bars on the data points reflect ±1 standard error of the mean.
search described in the experiment above. As such, an arbitrary search difficulty was utilized as described next.
Assumptions and implementation details
The perceptual span's decision region (under various names) has been shown to be sensitive to stimulus factors (Bertera & Rayner, 2000; Engel, 1977; Geisler & Chou, 1995; Jacobs, 1986; Motter & Holsapple, 2001; Rayner & Fisher, 1987a , 1987b , and perceptual learning (Chung, Legge, & Cheung, 2004; Greene & Rayner, 2001b; Reingold, Charness, Pomplun, & Stampe, 2001) . As well, peripheral preview benefit levels may be minimal beyond some spatial extent due to such factors as under-sampling in peripheral vision, foveal processing difficulty and, the difficulty of peripheral selection (e.g. see Rayner, 1998 for a discussion on preview benefit). In a simulation of the sort described here, one may arbitrarily set the size of the total span, and manipulate the size of the decision region. If for example, the size of the span is fixed at 40 pixels and the decision region has a 20 pixel radius, preview benefit will be available from a region that is 20 pixels wide. Alternatively, if the decision region becomes larger (say 30 pixel radius), then the preview region will be smaller within the total span (only 10 pixels wide). This is simplistic of course, as in real life there would not be an abrupt demarcation of the regions. It is also possible that the visual search perceptual span is not circular (see Chan & Tang, 2007) . However, the assumption of an abrupt demarcation within a circle works well for demonstrating that d(FT) dynamics may be explained by a random walk that is modulated by a perceptual span. For the Monte Carlo simulation, the random walk process was bounded by an imaginary 101 Â 101 pixel search area. The initial fixation was placed at the centre of the array (coordinates 50, 50), and the target's location (coordinates 80, 90) was chosen randomly such that the initial d(FT) was 50 pixels. Saccade direction (a) was generated at random within 360°. A decision region of 20 pixels was set. Saccade amplitudes (h) were generated at random with the constraint that they were not longer than the radius of the total span (arbitrarily set at 40 pixels), and were not less than 10 pixels. Thus, for the sake of simplicity, ''microsaccades" within the 20-pixel decision region were forbidden. Constraining saccades within the total span is congruent with reports that saccade length in visual search is influenced by the size of the span (Bertera & Rayner, 2000; Jacobs, 1986; Motter & Belky, 1998a , 1998b . The 40 pixel radius definition of the total span over the 101 Â 101 pixel display meant that the simulated searcher could have up to about 60% of the search space available within the total span. The percentage of search space available within the total span may be construed here as a quantification of the difficulty of the simulated search. Given the interest in simulating multi-fixation search trials, the initial d(FT) of 50 pixels (see above) minimized the chances of the target being found with one fixation.
The coordinates of saccade landing site (nx, ny) relative to coordinates for the saccade launching site (x, y) were calculated thus: nx = h*cos(a) + x; ny = h*sin(a) + y. The random walk was bounded such that if a planned saccade would have placed a fixation beyond the boundaries of the search array, the ensuing fixation was placed in a randomly chosen location within the array. This may be interpreted as a reflection of top-down knowledge of the general location of the search space (e.g. Turano et al., 2003) . In these instances, it was possible for the saccade amplitude to exceed the total span radius. Such a stipulation in the simulation may not reflect biological operations, but it provides simulation data for instances when searchers make saccades beyond the total span to (re)orient their search. Ensuing d(FT)s were calculated (as described above) until the value became less than the radius of the decision region (i.e., target was able to be identified), or until a maximum number of fixations (i.e., 15 for the current simulation) had been made within a trial. If the target appeared within the decision region, the ensuing fixation was placed at the centre of the target. That is to say, d(FT) was assigned a value of zero. In effect unlike human observer search (e.g. Hooge & Erkelens, 1996) , the probability of failing to detect the target in the decision region and having to make a return saccade was zero. The simulation procedure was repeated for 10,000 search trials. The simulation here, and the ones in the up-coming sections required 4-5 h each for execution.
Results and discussion
The target was found in 5296 (i.e., 53%) of the random walk trials. For these target-found trials, percentages of fixation counts are presented in panel A of (see also Tseng & Li, 2004) . On average, fixations were about 40 pixels away from the target before they entered the 20 pixel radius simulated decision region (see the fitted dashed line relative to the solid line in panel B of Fig. 2 ). It should be noted that 40 pixels is the radius of the span modelled here. In effect, in this first simulation, before the target appeared within the decision region, it was at the edge of the preview region. This is consistent with a random walk. A second random walk simulation is described in the following section towards a more comprehensive explanation of random walk d(FT) dynamics.
Simulation 2: Biased bounded random walk
In Simulation 1, the initial fixation was placed in the centre of the search space. Under this initial fixation condition the simulation was able to generate ineffective phases followed by effective phases of search in the manner of the results reported by Ref. Tseng and Li (2004) . However, visual search is not always initiated at the centre of a scene. Geometry dictates that for a random walk in a bounded area, d(FT) should be sensitive to the initial fixation position relative to the target's position. In the second simulation, the initial fixation was moved towards the upper left boundary of the display (coordinates 10, 10) to demonstrate this. Every other implementation detail was the same as in Simulation 1. The random walk was biased in the sense that early saccades were now less likely to move away from the target than towards the target.
Results and discussion
The target was found in 4298 (i.e., 43%) of the biased random walk trials. Panel A of Fig. 3 shows the percentages of fixation counts for these target-found trials. Panel B of Fig. 3 Fig. 3 shows that for increasing numbers of fixations required to find the target, the fixations approached a d(FT) of 40 pixels before they entered the 20 pixel radius simulated decision region (marked by a solid line). As was the case in Simulation 1, a d(FT) of 40 pixels marks the limit of the simulated span. Thus, compared to Simulation 1, in Simulation 2, for fewer than four fixations, the target was farther away before it appeared in the decision region. For the target to be discovered in fewer than four fixations from the greater initial distance modelled here (compared to Simulation 1), the eyes had to move over greater distances. In the present simulation, these greater distances would have come from the simulation routine placing a fixation at random within the display if the preceding step would have placed the fixation beyond the display area. Beyond four fixation searches, the target was near the edge of the preview region (40 pixel radius) before it appeared within the decision region. The results are consistent with a random walk. A purely random scan simulation is described in the next section for comparison with random walk d(FT) dynamics.
Simulation 3: Purely random scan
In the simulations above, saccades were made mostly within a pre-defined perceptual span. Hence, ensuing fixation locations depended partly on current fixation locations. An alternative search strategy in theory, is one in which ensuing fixation locations are independent of current locations within a planer region (i.e., search is accomplished by a purely random scan process over the display plane). Simulating this strategy serves as a baseline for comparison with the random walk strategy. The goal is to show that a purely random scan strategy is worse than a random walk strategy for explaining d(FT) effects in human search.
Purely random scanning was simulated by randomly selecting coordinates from a uniform distribution within the same 101 Â 101 pixel search space. Thus, in the case of this simulation, when a target was found, it was not necessarily the result of a ''walk" towards it. As was set in the previous two simulations, a target was detected when it appeared within a 20 pixel radius. The simulation procedure was repeated for 10,000 search trials.
Results and discussion
The target was found in 7663 (i.e., 77%) of the purely random scan trials. Panel A of Fig. 4 shows the percentages of fixation counts for these target-found trials. In the same figure, panel B depicts functional relationships between consecutive fixations and simulated d(FT) for comparison with the previous simulations. Most notable, given the results of similar geometric search conditions in Fig. 2 , is the lack of an effective phase of search. On average, fixations were about 65 pixels away from the target before they entered the 20 pixel radius simulated decision region (see the fitted dashed line relative to the solid line in panel B of Fig. 4) . The results show that under similar conditions, a random walk approximates human d(FT) performance better than a purely random scan. It is interesting perhaps, to mention that Turano et al. (2003) compared such a purely random scan and a random walk simulation in terms of their ability to predict human fixation sequence in a wide-angled real-world search situation. Unlike the present results, the random walk simulation had no significant advantage over the purely random scanner (i.e., 23% vs. 22% match with human data on scene areas fixated in sequence). The difference in findings is accounted for by the fact that Turano et al. (2003) analysed their data in terms of specific scene areas fixated.
Thus two large scene areas fixated in the same sequence in both search strategies may correspond to different d(FT) dynamics (as was found in the present study) because of the different saccade amplitude constraints associated with the two search strategies.
The results of the present study suggest that d(FT) dynamics are better accounted for by a random walk process than by a purely random scan.
Discussion
With grouped data, Tseng and Li (2004) identified an ineffective and an effective search phase as eye movements are made in search of the target. It is not immediately obvious that search should exhibit such systematic d(FT) behaviour (see also Tseng & Li, 2004 for a similar argument). Given the complexity of visual search, it was prudent to test if Tseng and Li's (2004) d(FT) findings generalize to search conditions different from their conditions. The experiment described in this article demonstrates that the two search phases are replicable under similar geometric search conditions (i.e., when the initial fixation is at the centre of the display).
The goal of the Monte Carlo simulations was to offer a parsimonious explanation of d(FT) search dynamics. To this end, the simulations were successful. The simulation algorithms found the target within 15 fixations in 43-77% of trials. In the real world, this may reflect the target being missed in 23-57% of the trials, or perhaps the target being present only in the 43-77% of trials in which it was found. Given that the concern of the study was d(FT) dynamics only under situations in which the target was found, the conclusions from the simulations are not hindered by either one of the interpretations. Despite the success of the simulations, a nagging question pertains to the higher hit rate for the purely random scanner (77%) compared to the random walk simulations (53%, 43%). The primary difference between a purely random scan and a random walk is that in the random walk the probability of moving from position P n to position P n +1 is small, except if positions P n and P n +1 are nearby. In effect, the target is found mostly when it is nearby. This nearby constraint is not present in a purely random scanner, hence the random scanner has a greater chance in the long run of finding the target. More formally, this situation may be explained as follows. Let T denote that the target was found. The probability that the target was found may be partitioned into (i) the probability that the target was found and the target was at a large eccentricity (E) just before it was found, and (ii) the probability that the target was found and the target was at a small eccentricity (e) just before it was found:
Given that for a random walk the target is mostly restricted from being at a large eccentricity just before it is found, P(T \ E) approaches zero, resulting in a smaller P(T) for random walks than for the purely random scanner:
PðTÞ ¼ PðT \ EÞ þ PðT \ eÞ; where lim PðT\EÞ!0 Compared to the simulation algorithms described in the present work, real-world search is accomplished by stimulus-driven factors, guidance from knowledge of target features (Treisman & Sato, 1990; Wolfe, 1994) , knowledge of geographic search constraints (e.g. Turano et al., 2003) , inhibition of return mechanisms (e.g. Gibson & Egeth, 1994) , familiarity with stimuli (Greene & Rayner, 2001b) , perhaps, memory for locations visited (Klein & Dukewich, 2006) , and search strategy (Geyer, von Muhlenen, Muller, 2007) , among other possibilities. The argument offered in the present work is that a random walk process (with saccade amplitudes modulated by the perceptual span) parsimoniously explains human d(FT) dynamics. This is reasonable, given that Geisler and Chou (1995) have shown that much of the variance in search performance is accounted for by span-related variations.
Together, the findings of the present study have important implications for Tseng and Li's (2004) speculations on the cause of the effective phase. There has been a lot of debate about the existence of memory during visual search (Geyer, von Muhlenen, Muller, 2007; Horowitz & Wolfe, 1998; Klein & Dukewich, 2006) . With respect to this debate, Tseng and Li (2004) speculated that the effective phase may reflect spatial memory for locations fixated during the search process. Tseng and Li (2004) suggested that this memory may be implemented by an inhibition-of-return mechanism (e.g. Gibson & Egeth, 1994) . The mechanism provides spatial memory by reducing the likelihood of an eye fixation revisiting a Purely random scan recently visited location. The speculation that the effective phase may reflect an inhibition-of-return mechanism is weakened by the simulation results in the present study. The effective phase was present despite the lack of an inhibition-of-return mechanism in the simulation algorithm. Alternatively, it may be argued that spatial knowledge of the boundary constraints of the search area is relevant in guiding search. This spatial knowledge was programmed into the Monte Carlo simulations described in the present work. Its utility was to constrain wayward saccades from going beyond known search boundaries, and thus, potentially to increase the proportion of targets found. An artefact of such a constraint is the generation of an effective phase of search under certain geometric configurations (see early consecutive fixations in Fig. 3 ). To summarize, the present work suggests that it is inappropriate to use the effective phase of d(FT) dynamics in the debate about memory's contribution to visual search. Another speculation by Ref. Tseng and Li (2004) was that the effective phase of search may reflect a monotonic movement of saccades to the target when the target appears within a functional (or useful) field of view (FFOV). The FFOV is the area within which information can be acquired during a momentary eye fixation. It is smaller than the total area of visual sensitivity, and is used to identify targets in complex visual displays (Ball & Owsley, 1993) . A similar concept is the conspicuity area defined as the area of fixation within which a briefly presented target is perceived without foreknowledge of its location (Engel, 1977) . Another similar concept is the visual span, defined as the area around an eye fixation within which targets may be recognized (O'Regan, Levy-Schoen, & Jacobs, 1983) . The FFOV, conspicuity area and visual span are regions within which objects may be identified, and therefore are analogous to the decision region in Rayner and Fisher's (1987b) perceptual span (see also Nasanen et al., 2001; Williams, 1989 for similar arguments). Tseng and Li's (2004) speculation about the FFOV (or decision region) predicts that the effective phase starts after the searcher has recognized the target amidst non-targets. This rather implies that the effective phase reflects a deliberate monotonic move towards the target. The speculation is probably incorrect for two reasons. Firstly, observations of trial by trial data show that the monotonic effective phase is not necessarily present in isolated trials (see published figures depicting scan paths in Greene & Rayner, 2001a; Motter & Belky, 1998b; Nasanen et al., 2001) . The effective phase reflects average performance across multiple trials. Secondly, in Simulation 2, it has been shown that what may appear to be a deliberate move towards the target could be the results of geometric constraints. The point is that the random walk simulations described here were able to generate effective phases without top-down-knowledge of the target's location within the decision region.
While the main features of the simulation algorithm used here are not new (see Boccignone & Ferraro, 2004; Pomplun, Reingold, & Shen, 2003 for similar ideas), their application towards the d(FT) findings of Tseng and Li (2004) is new. The Monte Carlo simulations in the present work are useful in that they augment our understanding of the d(FT) effect, and have the potential to generate new questions about the accomplishment of visual search. For example, d(FT) calculations may provide one more metric for evaluating search models. In conclusion, Tseng and Li (2004) characterized visual search as consisting of an ineffective search phase and an effective search phase. A visual search experiment and Monte Carlo simulations have been described in the present work towards an explanation of the d(FT) dynamics. Search was simulated as a random walk, and as a purely random scan within a display. The random walk simulation approximated human performance better than the purely random scan simulation. As well, visual search d(FT) dynamics were demonstrated to be sensitive to geometric constraints, and may not be characterized generally as having an ineffective and a memory/recognition-related effective phase. The specific d(FT) dynamics noted by Tseng and Li (2004) were governed by random walks initialized at the centre of their stimulus displays.
